###### Strengths and limitations of this study

-   To the best of our knowledge, this is the first comprehensive evaluation of healthcare expenditures of ambulatory coordinated care within a healthcare system with free access to primary and specialty care.

-   The present evaluation is based on routinely collected data which reveal valuable information from the 'real-world' of primary care.

-   A further strength is the large ambulatory data from Bavaria, containing patients from all statutory health insurances.

-   The study is limited by the absence of direct outcome indicators for the quality of healthcare.

-   A further limitation is the possibility of residual confounding due to unobserved variables within the propensity score matching procedure.

Introduction {#s1}
============

Medical progress and demographic change are leading to increasing healthcare costs in the industrialised countries. It is a challenge to provide optimal medical care that need to be concerned with the expenditures of the welfare state. Good organisation of care is considered an important element to achieve well-balanced healthcare, and investments can be related to better health outcomes. Hence, there is an increasing engagement with healthcare reforms, such as the Affordable Care Act in the USA. Several studies have shown that good organisation of primary care is a hallmark for lower costs and better health outcomes.[@R1] This effect is attributed in part to the coordination of care by general physicians (GPs).[@R1] Coordination of care is best realised in gatekeeping systems;[@R4] hence, even countries like Germany with direct access to specialist care are increasingly introducing gatekeeping elements to strengthen primary care.[@R5]

The German healthcare system strongly demarcates between ambulatory care and hospital care. Within ambulatory care, GPs and medical specialists, who all work in licensed private practices, are directly accessible to patients.[@R5] GPs account for 43% of all ambulatory care physicians. Approximately 90% of German inhabitants are covered by compulsory statutory health insurance. Statutory health insurance funds pay a fixed amount to the regional Association of Statutory Health Insurance Physicians, which then remunerates physicians based on a system that combines capitation with fee for service. Approximately 10% of patients are privately insured, mostly civil servants and people with an income higher than €49 950 per year. Privately insured patients pay out of their pocket, and claim their expenses back from the private insurance company. Statutory insured patients can choose their doctor, who might be a GP or a specialist, every 3 months. Concerning coordination of care, Germany has a weak primary care system.[@R6] Between 2004 and 2012, a co-payment of €10 was charged for the first ambulatory visit in each 3-month period, regardless of whether a GP or an ambulatory specialist was being consulted. If the patient consulted a different practice in the same quarter, the fee was waived only on referral from another ambulatory physician, who could be a GP or specialist. Thus, providing that further practices were consulted only on referral, payment was solely required once per quarter. However, this provided no guarantee of GP-led gatekeeping. The primary aim was to reduce the number of physician visits[@R5] because Germany has very high contact rates,[@R7] an average of 18 practice contacts per year, which increase particularly for patients with mental disorders.[@R8] These patients often make more extensive use of health services, leading to misallocation of expenditure when this usage is inappropriate. It is beyond doubt that unnecessary or repeated diagnostic tests can harm the patient, for example, when surgical procedures or high radiation exposures are involved. A further aim of the co-payment was to strengthen the position of the GP as a coordinator of care. The co-payment was withdrawn at the end of 2012 because the impact on the number of physician visits was deemed to be negligible.[@R5]

The aim was to compare the costs of coordinated versus uncoordinated outpatients care with a retrospective routine data analysis of the Bavarian Association of Statutory Health Insurance Physicians (Kassenärztliche Vereinigung Bayerns, KVB). An additional subgroup analysis considered patients with mental disorders to evaluate the impact of coordination within this important collective group due to the high risk of their inappropriate or repeated usage of health services.[@R8]

Methods {#s2}
=======

Sources of data {#s2a}
---------------

The KVB processes claims data for all statutorily licensed ambulatory physicians in Bavaria, Germany. This includes ∼9000 GPs, 13 000 specialists and 4000 psychotherapists (including both psychological and medical psychotherapists) who provide ambulatory care for the 12 million inhabitants of Bavaria and bordering areas of Germany. Specialists in ambulatory care comprise anaesthesiologists, dermatologists, ENT specialists, gynaecologists, internists with and without specialisation (eg, cardiology, gastroenterology, pneumology and oncology), neurologists, ophthalmologists, orthopaedists, psychiatrists, psychotherapists, radiologists, surgeons and urologists. Some internists without specialisation are licensed as family physicians and are, therefore, included in the group of family physicians. Both specialists and family physicians receive a set fee, depending on age, for each patient treated in a given quarter ('contact capitation'). Certain time-consuming or technical services, such as chronic disease management, lung function testing, emergency visits or ultrasound, are claimed in addition to the basic fee. The catalogue of fees for medical services of the specialists comprises a wide range of diagnostic and therapeutic procedures; for example, for MRI, surgical procedures and even intracardiac catheters. The fee-for-service claims account for between 60% and 100% of all claims among specialists and ∼40% of claims among family physicians.

The patient data, which are mandatorily documented for claims purposes, comprise diagnoses and coded information about diagnostic and therapeutic procedures. All costs are given in Euros and represent the amount claimed by the physician. Furthermore, referral data records both the referrer and the consulting physician. In addition to these claims data, the KVB holds patient-level prescribing data detailing both the substance prescribed and their cost in Euros.

Study design {#s2b}
------------

The evaluation was performed as a retrospective routine data analysis. A patient was defined as coordinated if every specialist consultation within a quarter was conducted by referral from a GP. Vice versa, a patient was defined as uncoordinated if he or she visited at least one specialist within a quarter without a referral from a GP. In order to prevent distortion due to, for example, specialists billing for emergency treatment or routine screening (eg, mammography), only regular physician contacts were considered when determining the coordination status. The first quarter of 2011 was used as reference quarter since the co-payment of €10 was still applied to foster coordinated care. The calculation of the differences was repeated for the other three-quarters of 2011 to validate our findings by replication. Inclusion criteria were a minimum age of 18 years to avoid confusion with the workload of paediatricians, and the existence at least of one regular specialist visit within a quarter. The study was performed in accordance with the main German guideline 'Good Practice for Secondary Data Analysis' (Gute Praxis Sekundärdaten, GPS). The data were anonymous. Approval was obtained from the responsible data protection officer.

Statistical analysis {#s2c}
--------------------

We assumed that the coordination of care has a causal effect on the financial claims made by GPs and specialists, and on the cost of medication. However, we also suspect that the groups of patients with and without coordination differ substantially with respect to demographic characteristics and morbidity. We, therefore, used the propensity score matching (PSM) methodology of Rosenbaum and Rubin[@R9] to allow for targeted inferences regarding the effect of the coordination of care.[@R10] Our chosen methodology used caliper matching on the propensity score without replacement to create a balanced data set before the effect of interest was estimated using standard linear regression models.[@R11] [@R12] Bias was assessed by calculating the standardised absolute difference, whereby differences of 10% or less may be considered small.[@R13] [@R14] The R package 'Matching' was used to facilitate the matching, without replacement, of each member of the treatment groups with one member of the pools of potential controls.

The following variables were used for PSM: sex, age, morbidity, participation in disease management programmes (DMPs), rural versus urban area, regional deprivation and encountered specialists. Morbidity was measured using the diagnoses documented by the specialists using the German modification of the International Classification of Diseases (ICD)-10 system. To ensure a comparison of the two groups based on equal information, any diagnoses documented by GPs were ignored. We assume that the diagnosis entered by the specialist provides an unbiased account of the patient\'s morbidity before treatment. Diagnoses were aggregated using the H15EBA grouper, which was developed to measure morbidity within the German ambulatory system. The grouper specifies 60 different medical condition categories. The 'Institut des Bewertungsausschusses' (InBA; Institute for Strategic Assessment of Reimbursement for Medical Services), an official organ of the German Ministry of Health, developed a German grouper that maps ICD-10 diagnoses to the condition categories.[@R15] The principles of this grouper were based on the final report for the US Health Care Financing Administration 'Diagnostic Cost Group Hierarchical Condition Category Models for Medicare Risk Adjustment';[@R16] and were adapted for the German healthcare system. The use of such groups, designed to predict the cost of treatment, enables the complex ICD diagnoses data to be summarised for analysis in a meaningful manner. Participation in a DMP for diabetes, coronary artery disease, asthma or chronic obstructive pulmonary disease was used as a further measure of morbidity. As the DMP seek to improve the GP-led coordination of care, DMP participation may also be a predictor of coordination.

The Bavarian Index of Multiple Deprivation (BIMD) was used to account for regional effects of deprivation on health. The BIMD was developed as a small-area, multidimensional deprivation index for Bavaria, and is based on an established British method.[@R17] It was created with official sociodemographic, socioeconomic and environmental data. A correlation analysis using this index showed a stepwise increase of mortality risk with increasing regional deprivation; and communities in the highest deprivation quintile showed a clearly higher mortality risk, both for total and for premature mortality.[@R17] Another study from Bavaria showed that increased lung cancer risk in men and colorectal cancer risk for both genders were significantly associated with increasing BIMD.[@R18]

The main outcome variable was the total cost of ambulatory care, while secondary outcome variables were financial claims of GPs, specialists and medication costs. A secondary analysis was performed for patients with mental disorders as defined by the relevant diagnosis groups (ie, TCC055, TCC057, TCC058, TCC060, RCC011 or RCC012). This largely corresponds to the documentation of an ICD-10 F-Code, but excludes dementia and includes self-harm (X84) and burnout (generally coded as Z72).

Results {#s3}
=======

The complete data set from 2011 included data of 8 607 191 patients who had contact with a specialist practice with or without referral. In total, 3 616 510 patients encountered the specialists within the first quarter of 2011 ([figure 1](#BMJOPEN2016011621F1){ref-type="fig"}). The coordination of care could not be determined for 161 368 (4.5%) patients as they had contact with specialists outside the context of regular care (eg, emergency out-of-hours treatment or mammography screening programme). These patients were younger than the coordinated patients (CP), more often female, and had lower claims and prescribing costs. A total of 3 455 142 patients were potentially eligible for the PSM.

![Flow chart of analysed patients.](bmjopen2016011621f01){#BMJOPEN2016011621F1}

Of these patients, 50.5% had contacted at least one specialist without referral ([table 1](#BMJOPEN2016011621TB1){ref-type="table"}). Uncoordinated patients (UP) were younger, had less chronic diseases and a higher proportion of mental diseases than CP. UP visited more often multiple specialists of the same discipline (doctor shopping) than CP, had higher contact rates with specialists and visited more different physician groups. The average claims for the specialists, and the total financial claim per patient were higher in UP than in CP. The calculation of differences relating to the other three-quarters of 2011 showed similar results (see online [supplementary appendix](#SM1){ref-type="supplementary-material"} table 1). [Figure 2](#BMJOPEN2016011621F2){ref-type="fig"} illustrates the distribution of the patients' age and sex for each specialist group for the first quarter of 2011.

###### 

Baseline characteristics of patients

  First quarter of 2011                                       Coordinated care   Uncoordinated care   Coordination not determinable
  ----------------------------------------------------------- ------------------ -------------------- -------------------------------
  n (%)                                                       1 629 302 (45.1)   1 825 840 (50.5)     161 368 (4.5)
  Age (mean)                                                  55.3               48.3                 49.0
  Gender: male (%)                                            614 274 (37.7)     606 793 (33.2)       47 390 (29.4)
  Proportion of chronic disease (%)                           85.4               67.5                 51.4
  Number of medical condition categories (mean)               3.6                4.02                 1.5
  Proportion of doctor shopping (%)                           1.3                8.9                  0.1
  Proportion of mental diseases categories (%)                16.8               18.3                 12.1
  Number of different physicians (mean)                       1.9                2.2                  1.3
  Number of different physician groups (mean)                 1.6                1.8                  1.1
  Proportion with different specialists (%)                   42.2               45.7                 8.5
  GP financial claim in € (Σ)                                 109 336 976        87 597 417           6 459 389
  SP financial claim in € (Σ)                                 256 292 907        340 590 071          15 391 547
  Total financial claim in € (Σ)                              365 629 883        428 187 488          21 850 936
  GP financial claim/patient in € (mean)                      73.10              73.59                75.15
  SP financial claim/patient in € (mean)                      157.30             186.54               95.38
  Total financial claim/patient in € (mean)                   224.41             234.52               135.41
  Proportion of patients without GP financial claim (%)       8.2                34.8                 46.7
  Proportion of patients with €1--40 GP financial claim (%)   22.6               18.7                 15.9
  Total drug prescription costs/patient in € (mean)           158.94             146.36               84.17
  SP drug prescription costs/patient in € (mean)              74.81              89.66                31.18
  Number of drug prescriptions/patient (mean)                 3.30               2.73                 1.76
  Number of SP drug prescriptions/patient (mean)              0.8                1.1                  0.3
  Total DDD/patient (mean)                                    182.7              140.2                91.8
  SP DDD/patient (mean)                                       33.0               48.1                 13.6

DDD, defined daily dose; GP, general physician; SP, specialist.

![Patients' age and sex distribution related to the specialists. N.a, not applicable.](bmjopen2016011621f02){#BMJOPEN2016011621F2}
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A total of 2 458 744 patients were taken into account for PSM. Altogether, 74 variables were used for PSM ([figure 3](#BMJOPEN2016011621F3){ref-type="fig"}). There was no meaningful change in sex and age distribution after matching. No matching partner was found for 991 083 patients. These patients were predominantly female and younger than 50 years, and allocated to the risk class TCC183 (contraception, vaccination, gynaecological prevention check-up) and/or TCC139 (menstrual disorder, menopause), and therefore assigned to the gynaecologists ([figure 2](#BMJOPEN2016011621F2){ref-type="fig"}). A further 5315 patients with end-stage renal diseases (TCC129) and renal dialysis (TCC130) were not considered for PSM. Patients with severe renal diseases are often under the coordination of nephrologists, and the high costs could lead to an unwarranted exaggeration of the treatment effect in favour of the CP group. Before matching, the CP group exhibited higher levels for the presence of a chronic disease, age, residence in a rural area and GP contact in the previous quarter. After matching, the standardised difference of each matching variable was reduced to below 10%, suggesting an acceptable level of bias reduction ([figure 3](#BMJOPEN2016011621F3){ref-type="fig"}). The regression analysis results related to the total costs are displayed in [figure 4](#BMJOPEN2016011621F4){ref-type="fig"} (detailed results in online [supplementary appendix](http://dx.doi.org/10.1136/bmjopen-2016-011621) table 2). The financial claims of the specialists were generally higher for UP, irrespective of the patients\' age. When the financial claims of GPs and specialists are combined (total costs), care for UP between the ages of 18 and 30 years was less costly. With increasing age, however, the lower total cost of the CP group becomes increasingly pronounced. Averaging over age, the total difference per patient was −€9.65 (95% CI −11.64 to −7.67) in favour of coordinated care.

![Propensity score matching---absolute standardised differences before and after matching and comparing different covariates for coordinated and uncoordinated patients. GP, general practitioner; DMP, disease management programme; ENT, ear, nose and throat.](bmjopen2016011621f03){#BMJOPEN2016011621F3}

![Comparison of coordinated and uncoordinated patients. Values are mean (95% confidence interval). GP, general practitioner.](bmjopen2016011621f04){#BMJOPEN2016011621F4}

The impact of coordination of care for patients with mental disorders was calculated using 267 520 patients with a recorded mental disorder, of whom 130 526 (48.8%) received coordinated care ([figure 5](#BMJOPEN2016011621F5){ref-type="fig"}). There was a similar trend with respect to increasing cost differences with increasing age in favour of coordinated care. The prescription of psychotropic medication, measured in terms of cost, was higher in the uncoordinated group (detailed results in online [supplementary appendix](http://dx.doi.org/10.1136/bmjopen-2016-011621) table 3). Averaging over age, the total difference per patient was −€20.31 (95% CI −26.43 to −14.46) in favour of coordinated care for these patients.

![Comparison of coordinated and uncoordinated patients with mental disorders. Values are mean (95% confidence interval). GP, general practitioner.](bmjopen2016011621f05){#BMJOPEN2016011621F5}

Discussion {#s4}
==========

To the best of our knowledge, the present study is the first to evaluate the healthcare expenditures of ambulatory coordinated care within a healthcare system with free access to primary and specialty care, independent of health insurance funds in Germany and encompassing almost all medical specialists in ambulatory care. Cost of care for coordinated patients was less costly than that for uncoordinated patients. The impact of coordination of care on healthcare resources increased with age. Patients with mental disorders are prone to uncoordinated care, which is accompanied by increased prescription of psychotropic medication.

The advantages of coordinated care have already been described by Starfield *et al*.[@R3] However, their review was carried out without the possibility to include German routine data for cost analysis. Our findings may close this knowledge gap, illustrating an important impact of coordination for costs of care within a health system with free choice of specialist ambulatory care. Our findings seem to be partly inconsistent with those of a recent ecological study investigating the correlation of costs and primary care orientation among several European countries, including Germany.[@R19] The authors reported that overall health expenditures were higher in countries with stronger primary care structures. Yet, ecological studies are prone to multiple biases. We believe that at least for Germany, our data based on individual patient data are stronger.

Besides the issue of costs, coordination of care should also be viewed as an important contribution to the health of the population.[@R3] [@R20] This might be of importance due to the different organisational levels of different healthcare systems. Within modern health systems, gatekeepers as coordinators are positioned between organisations and individuals who wish to use resources within those organisations.[@R4] However, the impact on patient satisfaction is ambiguous. It was shown that patients evaluate their GPs more positively when they have free access to healthcare services, including specialty care,[@R21] which was the case in Germany. It needs critical reflection whether completely liberal supply of medical service is really helpful for the patients. It was shown in a representative US sample that higher patient satisfaction was associated with less emergency department use but with greater inpatient use, higher overall healthcare and prescription drug expenditures, and increased mortality.[@R22] It is advocated that good coordination of care by a GP protects from oversupply of medicine, which might be accompanied by medical errors and false medication.[@R23] Along with this, the impact of coordination of care in our sample is particularly strong for elderly patients. This might illustrate that GPs are most important when patients are ageing and becoming, therefore, more vulnerable to multimorbidity and the associated complexity in diagnosis and therapy. Thus, our results demonstrate the reality of the recently developed participatory model of the paradox of primary care.[@R24] Our results, however, differ from the effects of specific general practitioner-centred healthcare models.[@R25] The evaluation of these models showed an increase in GP and specialist contacts when patients were enrolled. However, selection mechanisms of patients with higher morbidity, recall bias in interview surveys, or changes in patients\' or physicians\' behaviour might complicate the interpretation of such effects. The naturalistic observation without intervention (with exception for €10 practice fee) might be an advantage for our study related to these aspects.

Our findings also highlight the importance of GPs for patients with impaired mental health. Good coordination of care is valuable for them as high usage is associated with harmful side effects.[@R28] [@R29] We found strong indications of 'doctor shopping' with multiple consultations, even among practices with the same medical specialisation, when these patients are uncoordinated. This also becomes apparent in the light of the increased prescription rate of psychotropic medication for these patients. It is still a challenge to provide optimal care for these patients within a system with free access to all kinds of specialty care. Nevertheless, our results might indicate that patients mostly benefit from coordinated care in the German health system. Yet it must be considered that this effect could not only be due to gatekeeping, but might rather be underpinned by the primary care physicians\' diagnostic and therapeutic interventions, and the using of own problem-solving strategies according to the concept of comprehensive and long-term focused care.[@R3] [@R20] [@R24] This hypothesis is, however, purely speculative.

At this point, it should be noted that our findings are based solely on routine data and cost analyses. The costs can only serve as a surrogate for turnover in patient care, but not as a direct outcome indicator for the quality of healthcare. The cost evaluation might serve as an indication of the impact of uncoordinated care on high healthcare usage, with all its consequences with respect to medication errors and harmful investigations. However, an important limitation is that it is not possible to draw a conclusion about the medical outcomes as we had no access to mortality or hospitalisation data. A further limitation is that we could not investigate the impact of multiple uncoordinated GP visits. However, this might rather lead to an underestimation of the effects of coordinated care. The limitation of the PSM in itself needs to be kept in mind, which always bears the risk of unidentified confounding variables. However, we were able to control the most important variables, such as morbidity and regional deprivation, thus matching the patients with respect to 74 variables. We could not assign 991 083 patients for matching. They were predominantly female and younger than 50 years. In Germany, gynaecologists are often consulted by younger female patients for routine care (eg, contraception and sexual health) in place of a general practitioner (see also [figure 2](#BMJOPEN2016011621F2){ref-type="fig"}). These patients are rather healthy and generate comparatively lower healthcare costs. Therefore, while we can make no inference for these patients, it seems unlikely that our results are distorted by this effect. Beyond this, the reproducibility of the cost differences for the other quarters might underline the robustness of our analysis.

To conclude, our results contribute to an understanding of the impact of coordinated care in a health system with free access to primary and specialty care. Coordination of care was particularly of importance for the elderly and for patients with mental disorders. These patients are more vulnerable to medical interventions. Therefore, the role of the family physicians as coordinators should be strengthened to improve care, which could also help in the framing of a more efficient health system.
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